Abstract. Studies have reported that the CCN family of proteins plays an important role in stimulating tumorigenesis. However, the relationship between the CCN protein family members and the features of hepatocellular carcinoma (HCC) remains unclear. The objective of this study was to determine the relationship between the expression levels of CCN protein family members and the features of HCC. Expression levels of the CCN family of proteins in 80-paired primary HCC samples and 11 normal liver samples were determined by a quantitative real-time PCR assay. Enhanced expression of nephroblastoma overexpressed protein (NOV) and decreased expression of Wnt-induced secreted protein 1 (WISP1), cysteine-rich protein 61 (CYR61) and connective tissue growth factor (CTGF) were found in HCC samples when compared to levels in matched non-cancerous tissues. No significant difference in WISP2 was found between matched-pair samples; only a few samples showed WISP3 expression. Furthermore, the expression levels of NOV, WISP1 and CYR61 were closely correlated with certain clinical features, including venous invasion, cellular differentiation, pTNM stage, disease-free survival and overall survival. Our results suggest that HCC progression may be enhanced by NOV and suppressed by WISP1 and CYR61. Our statistical analysis suggests that these proteins may be valuable in determining the prognosis of this deadly disease and directs attention to modulating the levels of these proteins as a potential mode of therapy.
Introduction
Primary hepatocellular carcinoma (HCC) is the fifth most common malignancy and the third most frequent cause of worldwide cancer mortality (1, 2) . Hepatocarcinogenesis consists of multiple steps leading to the accumulation of genetic and epigenetic changes in hepatic cells, which eventually cause malignant progression (3) . Recent studies revealed that the Wnt/β-catenin and p53 pathways are the two most important pathways in the malignant development of HCC (4) .
The CCN family of proteins was named for its first three described members: cysteine-rich protein 61 (CYR61/CCN1), connective tissue growth factor (CTGF/CCN2) and nephroblastoma overexpressed protein (NOV/CCN3) (5) . It includes six members: CYR61, CTGF, NOV, Wnt-induced secreted protein 1 (WISP1/CCN4), WISP2/CCN5 and WISP3/CCN6 (6) (7) (8) (9) . All of the CCN proteins consist of 4 specific structural domains: insulin-like growth factor binding protein, thrombospondin type 1, Von Willebrand type C and a COOH-terminal domain. These specific domains display a high homology to the conserved regions of many types of extracellular matrix proteins (5, 10) .
Previous studies have demonstrated that the CCN proteins play an important role in stimulating tumorigenesis in many cancers (10) (11) (12) . Babic et al suggested that CYR61 may activate integrins and induce cell progression in endothelial cells (13) . CTGF may stimulate the production of collagen and fibronectin due to its involvement in the TGF-β pathway and SMAD signaling (14, 15) . WISP1 is upregulated in breast cancers of Wnt-1 transgenic mice (8) . Additionally, the upregulation of WISP1 may induce the transformation of kidney fibroblasts in normal rats (9) . Accumulating evidence has shown that the CCN family proteins participate in many fundamental cellular processes and that their expression is altered during cancer (6, 7) . Few studies have explored the level of NOV involvement in oncogenesis. However, correlations between CCN gene expression and clinical features of HCC remain unexplored. In the present study, we used real-time qPCR to quantify the mRNA levels of the CCN family of genes in HCC samples. Expression levels of these genes were measured in 80 primary HCC samples and matched non-cancerous tissues, as well as in 11 human normal liver samples. We then examined the correlations of CCN protein expression with clinical and pathological characteristics, as well as survival data in HCC patients using several statistical methods.
Expression of CCN family members correlates with the clinical features of hepatocellular carcinoma

Materials and methods
Patients and samples. Eighty primary HCC tissue samples with matched non-cancerous tissues and 11 normal liver tissue samples were obtained from the tissue bank of Sun Yat-Sen Memorial Hospital, Sun Yat-Sen university (GuangZhou, China) after obtaining informed consent for utilizing the tissue specimens derived from patients. Tissues were obtained during surgical procedures. The matched non-cancerous tissues (NC) were resected at a minimum distance of 2 cm away from the cancerous tissues. The pathology of each sample was confirmed by histological examination, and the samples were stored at -80˚C until RNA was extracted. The use of clinical specimens in the present study was approved by the Ethics Committee of Sun Yat-Sen Memorial Hospital of Sun Yat-sen university. Two of the 80 patients died during the preoperative period, 1 patient was lost during the follow-up period and all other patients participated in regular postoperative follow-up evaluations.
Cellular differentiations of HCC samples were characterized by Edmondson's classification and divided into stages I/II and III/IV. The pTNM stages of patients were divided into two groups: stages I/II and III/IV, as described in the International union Against Cancer (uICC), 6th edition, 2002.
RNA extraction and cDNA synthesis. Total RNA was extracted from all tested samples using the TRIzol reagent (#15596-026; Invitrogen Life Technologies, Carlsbad, CA, uSA) according to the manufacturer's instructions. The quality of the RNA was determined by electrophoresis on an agarose gel stained with GoldView (Tiangen Biotech Co., Ltd., Beijing, China). A total of 2.5 µg of each RNA in a total volume of 50 µl was used to generate cDNA by reverse transcription with the PrimeScript™ RT-PCR kit (#RR014B Ax4; Takara Biotechnology, Dalian, China), following the manufacturer's instructions.
Real-time quantitative PCR. Real-time qPCR was used to determine the initial detection of the PCR product during the amplification cycle. The parameter C t was defined as the detected cycle number at which the fluorescence reached a fixed threshold value above the baseline. The amount of CCN mRNA in test samples was quantified by measuring C t and calculating the mRNA concentration from the matched standard curve. Additionally, the amount of β-actin mRNA was quantified as an endogenous control. Once mRNA concentrations were determined, the quantity of the target gene was divided by the endogenous reference to obtain a normalized value. Finally, the relative expression levels (termed ΔCCN) of the target genes in the HCC samples were calculated according to the following formula:
Primers. Primers (Table Ι) were designed by performing BLAST searches within the GenBank database to confirm the specificity of the nucleotide sequences and the absence of DNA polymorphisms. At least one of the two primers corresponded to a different exon or the junction between 2 exons to avoid amplification of genomic DNA contamination.
Standard curve construction. The standard templates were constructed according to the manufacturer's instructions described in the qPCR Technical Guideline (16) . The standard curve was produced by 10-fold serial dilution of standard templates. The linear relationship between the C t value and the log of the initial copy number was clearly demonstrated in all cases. The standard curves for CYR61 were constructed and displayed in Fig. 1 .
PCR amplification. The PCR reaction mixture for DNA amplification included 3 µl of cDNA, 10 µl of GoTaq ® qPCR Master Mix (Promega Biotech Co., Ltd., Madison, WI, uSA), 1 µl of each specific primer (10 nmol/µl), and 5 µl of nuclease-free water. All reactions were performed in triplicate in a LightCycler ® 480 System (F. Hoffmann-La Roche Ltd., Basel, Switzerland). The cycling conditions for the reaction were: 5 min at 95˚C, followed by 45 cycles at 95˚C for 10 sec, 20 sec at the Tm of each gene and 72˚C for 30 sec.
Statistical analysis. Student's t-test, the χ 2 test, the continuity correction test, Fisher's exact test, the log-rank test and the Cox proportional hazard model were used in this study to explore the relationship between the expression level of each gene and the clinical details, including age, gender, tumor size, α-fetoprotein (AFP), HBsAg status, direct liver invasion, bile duct invasion, venous invasion, tumor microsatellite, cellular differentiation, pTNM stage, relapse and survival data. For each gene, Kaplan-Meier analysis of disease-free and overall survival curves for patients were constructed and a log-rank test was used to analyze the equality of the curves. Kappa statistical analysis was used to study the correlations between all pairs of CCN genes. Cox regression for multivariate survival analysis was used for evaluating the prognosis covariate.
Results
We used qPCR to examine the relative expression of CCN family members. A relative expression level of ΔCCN >1 was set as the criterion for enhanced expression of the CCN genes in HCC, which resulted in the sample being classified into a positive group, while an expression level of ΔCCN ≤1 was considered a decrease in expression and the sample was classified into a negative group.
Expression of NOV in HCC.
Normalized mean expression levels (CCN/β-actin) of NOV relative to standard curves are shown in Fig. 2A . Statistical analysis showed that NOV was upregulated in primary HCC samples compared to that in the paired non-cancerous tissues (P=0.037). Enhanced expression of NOV (ΔNOV >1) was found in 44 of 80 (55%) HCC samples compared to the matched non-cancerous tissues (Fig. 3A) .
univariate analysis showed a significant association between the enhanced expression of NOV and several clinical features (venous invasion, cellular differentiation, pTNM stage, disease-free and overall survival) in HCC samples. No significant difference was noted between age, gender, tumor size, AFP, HBsAg status, direct liver invasion, bile duct invasion, tumor microsatellite instability and the expression level of NOV in the HCC samples (Figs. 4A and 5A; Table ΙΙA and  Table III) .
Expression of WISP1 in HCC.
Normalized mean expression levels of WISP1 relative to standard curves are shown in Fig. 2B . Statistical analysis showed that the expression of WISP1 was downregulated in primary HCC samples compared to the levels in the paired non-cancerous (P<0.001) and normal liver tissues (P<0.001). Decreased expression of WISP1 (ΔWISP1 ≤1) compared to matched non-cancerous tissues was found in 65 of 80 (81%) HCC samples (Fig. 3B) .
Univariate analysis showed significant associations between the decreased expression of WISP1 and several clinical features (tumor size, direct liver invasion, venous invasion, tumor microsatellite instability, pTNM stage, disease-free and overall survival) in HCC samples. No significant differences were noted between the age, gender, AFP, HBsAg status, bile duct Table ΙΙA and  Table III) .
Expression of CYR61 in HCC.
Normalized mean expression levels of CYR61 relative to standard curves are shown in Fig. 2C ). Statistical analysis showed that CYR61 was downregulated in the primary HCC samples compared with that in the paired non-cancerous tissues (P<0.001). Decreased expression of CYR61 (ΔCYR61 ≤1) compared to matched non-cancerous tissues was found in 71 of 80 (88%) HCC samples (Fig. 3C ).
Nineteen patients with either enhanced expression of CYR61 (ΔCYR61 >1, n=9) or expression of CYR61 that was decreased <2-fold (ΔCYR >-1, n=10) were defined as the CYR61 highexpression group. Samples from these patients were compared to the samples from patients whose CYR61 level was decreased >2-fold (ΔCYR <-1, n=61), which were defined as the CYR61 low-expression group. The results of univariate analysis showed a significantly disease-free and longer overall survival in the CYR61 high-expression group. However, no significant differences were noted between the level of CYR61 expression and other clinical features (age, gender, tumor size, AFP, HBsAg status, direct liver invasion, bile duct invasion, venous invasion, tumor microsatellite, cellular differentiation and pTNM stage) (Figs. 4C and 5C; Table ΙΙB and Table III) .
Expression of CTGF in HCC.
Normalized mean expression levels of CTGF relative to standard curves are shown in Fig. 2D . Statistical analysis showed that CTGF was downregulated in the primary HCC samples compared with that in the paired non-cancerous tissues (P=0.014). Enhanced expression of CTGF (ΔCTGF >1) compared to matched non-cancerous tissues was found in 20 of 80 (25%) HCC samples (Fig. 3D) . univariate analysis showed that no statistically significant correlations existed between the level of CTGF and any of the clinical features ( Figs. 4D and 5D ; Table ΙΙB and Table III) .
Expression of WISP2 in HCC.
Normalized mean expression levels of WISP2 relative to standard curves are shown in Fig. 2E . Statistical analysis showed that the expression levels of WISP2 in primary HCC samples showed no difference from the paired non-cancerous tissues (P=0.257). Enhanced expression of WISP2 (ΔWISP2 >1) compared to matched non-cancerous tissues was found in 38 of 80 (47.5%) HCC samples (Fig. 3E) . univariate analysis demonstrated no statistical correlations between the level of WISP2 expression and any of the clinical features (Figs. 4E and 5E; Table ΙΙB and  Table ΙΙΙ) .
Expression of WISP3 in HCC.
Among all of the samples examined, including HCC, NC and normal liver (NL) tissues, only a few (12/171, 7%) expressed WISP3. Therefore, we concluded that WISP3 was not expressed in the liver tissues.
Correlation among the expression levels of the CCN family of genes in HCC samples. The kappa statistical analysis, which defines a significant correlation at a κ-value >0.5, and implies no significant association at a κ-value ≤0.5, was used to examine the correlation among the expression levels of the NOV, WISP1, CYR61, CTGF and WISP2 genes. The results showed that no correlation existed among the expression levels of these 5 CCN genes in the HCC patients (Table IV) .
Correlation between overall survival and expression of the CCN gene family in HCC samples. univariate survival analysis with a log-rank test and the Cox proportional hazard model for continuous variables was used to study the relationship between overall survival and the expression of each CCN gene in the HCC samples (Table III) . The overall length of survival was significantly correlated with the expression levels of NOV, WISP1 and CYR61, but not CTGF or WISP2. While controlling for clinical details (age, gender, tumor size, AFP, HBsAg status, direct liver invasion, bile duct invasion, venous invasion, tumor microsatellite instability, cellular differentiation, pTNM stage and tumor relapse), Cox regression for multivariate survival analysis was performed to estimate the possible effects of the 5 genes on cancer prognosis. With the Enter method in Cox regression for survival, NOV was the most significant independent predictor for relative risk of death (RR=0.252, P=0.002) ( Table V) . Stepwise Cox regression for multivariate survival analysis using the method of Forward Stepwise Likelihood Ratio was used to evaluate the prognostic co-variates. The results showed that the best model for the HCC prognosis in the present study contained 2 covariates: NOV and CYR61 (Table V) . The RR of NOV was 0.216, meaning that the survival probability for patients with positive NOV expression may be decreased to 21.6% of that of patients with negative NOV expression. While the RR of CYR61 was 2.77, which meant that the survival probability of patients whose tumors had enhanced CYR61 expression was 2.77-fold higher compared to those whose tumors showed decreased expression of CYR61.
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Discussion
Previous studies have demonstrated that the CCN family of genes plays an important role in enhancing the tumorigenesis of many types of cancer. Inhibition of their expression in these tumors slows tumor growth. In contrast, several of these CCN proteins are expressed at lower levels in selected cancers, and by forcing their expression, tumor growth may be slowed or halted (10) (11) (12) . In the present study, high expression levels of NOV and low expression levels of CYR61 and WISP1 appear to have profound effects on the behavior of HCC, and may influence disease-free and overall survival.
NOV was first reported as an overexpressed gene in nephroblastomas induced by the myeloblastosis virus (17) . Previous studies have suggested that NOV has a conflicting role in different types of cancers. For example, NOV had an inhibitory effect on cell growth in the C6 glioma cell line (18) and normal endothelial cells (19) . Other investigators have shown that the amino-truncation of the NOV protein induced morphological transformation (16, 20) and oncogenic activation (21,22) . The NOV protein also promoted bone metastasis in prostate cancer through the RANKL-dependent pathway (23) . To our knowledge, this represents the first major analysis of NOV in tissue samples from HCC patients. In the present study, 44 of 80 (55%) HCC samples overexpressed NOV, and the expression levels were significantly upregulated in HCC samples compared to the matched non-cancerous tissues. Furthermore, the expression levels were significantly associated with venous invasion, cellular differentiation and pTNM stage in HCC patients, as well as disease-free and overall survival of HCC patients. These conclusions suggest that NOV may play an important role in the progression of HCC, which merits further investigation.
WISP1 was first identified as an upregulated gene in C57 MG mouse mammary epithelial cells transformed with Wnt-1 (8) . Additionally, WISP1 has been suggested to either inhibit or enhance tumor development. For example, the expression of WISP1 was inversely correlated with the proliferation and metastatic growth of melanoma cells (24, 25) . In contrast, human breast cancers overexpressed this protein (8) . Overexpression of WISP1 promotes the growth of normal kidney fibroblasts in rats and induces tumor formation in nude mice (9) . In the present study, we found that WISP1 was significantly downregulated in HCC samples. The expression level was inversely associated with tumor size, direct liver invasion, venous invasion, tumor microsatellite instability, pTNM stage, disease-free and overall survival.
The CYR61 protein was the first described member of the CCN family and has a rich cysteine motif. Previous studies have shown that CYR61 is overexpressed and tumorigenic in breast cancers (26) , colon adenocarcinomas, and bladder papillomas (19) . In contrast, forced expression of CYR61 in lung cancers slowed the growth of cancerous cells (27) , Similarly, studies have shown that CYR61 is downregulated in HCC samples. Forced expression of CYR61 in HCC cell lines suppressed cell proliferation, whereas downregulation by siRNA increased cell proliferation, mainly though the DNA damage response and p53 pathways (28) . In the present study, 71 of 80 (88%) HCC samples had CYR61 expression levels significantly lower than that in the matched non-cancerous tissues. Furthermore, low expression levels of CYR61 were significantly associated with shorter disease-free and shorter overall survival of the HCC patients.
CTGF was discovered in the conditioned medium of human umbilical vein endothelial cells. Previous studies have shown that CTGF plays an oncogenic role in the development of human HCC (29) . Downregulation of CTGF by inhibition of TGF-β blocked the tumor-stroma crosstalk and tumor progression in HCC (30) . Furthermore, CTGF was found to Table IV . Correlations among the expression levels of NOV, WISP1, CYR61, CTGF and WISP2 in the HCC sample. be involved in the development of liver fibrosis, mainly by hepatic stellate cells (31, 32) , and indeed, fibrotic liver tissues express high levels of CTGF (33) (34) (35) (36) . Gressner et al reported that the serum CTGF-concentrations were higher in cirrhotic patients than in HCC patients with or without cirrhosis (37) . The present study found that levels of CTGF were higher in non-cancerous tissues than that in matched HCC samples, most likely because many non-cancerous tissues were from patients with liver cirrhosis. WISP2 was found to be upregulated in central nervous tissues in GM3-only mice (38) and is an oncogenic factor in human breast cancers (39, 40) . In the present study, the expression levels of WISP2 in primary HCC showed no difference from levels in the paired non-cancerous tissues. Additionally, no significant relationship was found between the expression of WISP2 and the clinical features. These findings suggest that WISP2 may not be involved in the development of HCC.
In conclusion, our results revealed that the enhanced expression of NOV and decreased expression of WISP1 and CYR61 correlate statistically with the overall prognosis of HCC patients, as well as their pathological and clinical features. The data suggest that NOV appears to play an oncogenic role, while WISP1 and CYR61 may have suppressive roles in either the development or progression of HCC. These findings are the first steps in exploring the functional mechanisms by which the CCN protein family members participate in HCC, which may include determining the signals that control the expression of these CCN proteins and promote the transformation and/or progression of HCC. understanding these mechanisms will prove useful for the diagnosis, prognosis and therapy of HCC.
